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Executive Summary  
The Seattle area is prone to earthquakes on any of multiple faults in the region, including the Seattle Fault Zone 

(SFZ) and the Cascadia Subduction Zone (CSZ). A large earthquake originating on the SFZ or a great CSZ interface 

event will cause strong ground shaking, permanent ground deformation, liquefaction, landslides, tsunamis, 

and/or seichesτwhich could potentially impact drainage and wastewater infrastructure and disrupt Seattle 

Public UtilitiesΩ ŀōƛƭƛǘȅ ǘƻ ǇǊƻǾƛŘŜ ŜǎǎŜƴǘƛŀƭ ǎŜǊǾƛŎŜǎΦ Earthquakes originating in the CSZ deep intraplate zone 

occur more frequently, but are typically not as damaging as large SFZ or CSZ interface earthquakes. 

Wastewater infrastructure is especially vulnerable to earthquakes because of the extensive networks of below-

ground mainlines, pump stations, storage tanks, and combined sewer facilities. Breaks or loss of grade in the 

collection system, or damage to pump stations could lead to sewage backups in homes and potential releases of 

untreated sewage into the environment. Drainage mainlines are also susceptible to earthquake-induced 

damage. In the event of strong earthquake ground shaking, Seattle Public Utilities (SPU) could face significant 

challenges in responding to assess and repair their damaged assets due to damaged roads, bridges, power lines, 

and other lifeline infrastructure systems. 

The Seismic Risk Assessment Team (Team), consisting of the SPU contributors and a team of consultants led by 

Brown and Caldwell, performed ŀ ŘŜǎƪǘƻǇ ŀǎǎŜǎǎƳŜƴǘ ƻŦ {t¦Ωǎ drainage and wastewater mainlines, wastewater 

pump stations, and combined sewer overflow (CSO) facilities to identify those that are at higher risk to damage 

and failure during a seismic event. The desktop assessment was based on two earthquake scenarios: (1) 

magnitude 7.0 earthquake occurring on the Seattle Fault Zone (M7.0 SFZ) and (2) magnitude 9.0 earthquake 

occurring on the Cascadia Subduction Zone (M9.0 CSZ). Scenario descriptions, ground shaking, permanent 

ground deformation, and tsunami/seiche inundation data are based on data previously developed by the United 

States Geological Survey (USGS) and Washington Department of Natural Resources (DNR) and technical work 

ŎƻƳǇƭŜǘŜŘ ŦƻǊ YƛƴƎ /ƻǳƴǘȅ ²ŀǎǘŜǿŀǘŜǊ ¢ǊŜŀǘƳŜƴǘ 5ƛǾƛǎƛƻƴΩǎ όKC²¢5Ωǎύ wŜǎƛƭƛŜƴŎȅ ŀƴŘ wŜŎƻǾŜǊȅ {ǘǳŘȅ όHDR 

2018a and 2018bύ ŀƴŘ {t¦Ωǎ ²ŀǘŜǊ {ȅǎǘŜƳ {ŜƛǎƳƛŎ {ǘǳŘȅ ό{t¦ нлмуb). 

The results of the desktop assessments were used to develop likelihood of failure scores. SPU then combined 

the likelihood of failure scores with scores representing potential consequences of failure and scores 

representing equity considerations. The combined risk scores were then used to categorize high-risk facilities 

and mainlines for subsequent planning. Seismic risk scoring data from this assessment is not intended to inform 

specific facility upgrades, retrofits, or improvement projects; however, it is intended to characterize the general 

seismic risk of the drainage and wastewater system and to inform the development of the Shape Our Water 

Plan. 
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1. Introduction 
Seattle Public Utilities (SPU) is preparing Shape Our Water, A 50-year Pƭŀƴ ŦƻǊ {ŜŀǘǘƭŜΩǎ Water Resilience to 

support their Drainage and Wastewater (DWW) Line of Business. The Shape Our Water Plan will provide 

citywide recommendations for projects, programs, and policies that will better equip SPU to be a community-

centered utility and be more resilient to earthquakes, future changes in the climate, regulations, and the 

economy.  

The Shape Our Water Plan includes a comprehensive, multi-stakeholder, engagement effort to provide a 

community-ǎƘŀǇŜŘ Ǿƛǎƛƻƴ ŀƴŘ ŘŜǾŜƭƻǇ ǘƘŜ ǇƭŀƴΩǎ vision and goals. The Shape Our Water Plan will direct near and 

long-term investment in the partnerships, programs and projects that will improve the performance and 

ǊŜǎƛƭƛŜƴŎŜ ƻŦ {ŜŀǘǘƭŜΩǎ ŘǊŀƛƴŀƎŜ ŀƴŘ ǿŀǎǘŜǿŀǘŜǊ ǎȅǎǘŜƳǎ ǿƘƛƭŜ ƻǇǘƛƳƛȊƛƴƎ ǎƻŎƛŀƭ ŀƴŘ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ōŜƴefits for 

the community. 

1.1 Seismic Risk 

The Seattle area is prone to earthquakes on any of multiple faults in the region, including the Seattle Fault Zone 

(SFZ) and the Cascadia Subduction Zone (CSZ). A large earthquake originating on the SFZ or a great CSZ interface 

event will cause strong ground shaking, permanent ground deformation, liquefaction, landslides, tsunamis, 

and/or seichesτwhich could potentially impact drainage and wastewater ƛƴŦǊŀǎǘǊǳŎǘǳǊŜ ŀƴŘ ŘƛǎǊǳǇǘ {t¦Ωǎ ŀōƛƭƛǘȅ 

to provide essential services. Earthquakes originating in the CSZ deep intraplate zone occur more frequently, but 

are typically not as damaging as large SFZ or CSZ interface earthquakes. 

Wastewater infrastructure is especially vulnerable to earthquakes because of the extensive networks of below-

ground mainlines, pump stations, storage tanks, and combined sewer facilities. Breaks or loss of grade in the 

collection system, or damage to pump stations could lead to sewage backups in homes and potential releases of 

untreated sewage into the environment. Drainage mainlines are also susceptible to earthquake-induced 

damage. In the event of strong earthquake ground shaking, SPU could face significant challenges in responding 

to assess and repair their damaged assets due to damaged roads, bridges, power lines, and other lifeline 

infrastructure systems. 

1.2 Purpose and Objectives 

The purpose ƻŦ ǘƘƛǎ ǘŀǎƪ ƛǎ ǘƻ ǇŜǊŦƻǊƳ ŀ ŘŜǎƪǘƻǇ ŀǎǎŜǎǎƳŜƴǘ ƻŦ {t¦Ωǎ ǿŀǎǘŜǿŀǘŜǊ pump stations, combined 

sewer overflow (CSO) facilities, and drainage and wastewater mainlines to identify those that are at higher risk 

in a seismic event and prepare initial preliminary risk scores. These outcomes will be used to categorize high-risk 

facilities and mainlines for subsequent planning. Seismic risk scoring data from this assessment is not intended 

to inform specific facility upgrades, retrofits, or improvement projects; however, it is intended to characterize 

the general seismic risk of the drainage and wastewater system and to inform the development of the Shape 

Our Water Plan. Figure 1-1 provides a summary flowchart for the seismic risk assessment process.  
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Figure 1-1. Summary flowchart for the seismic risk assessment and related report sections 

 

The desktop assessment is based on two earthquake scenarios: (1) magnitude 7.0 earthquake occurring on the 

Seattle Fault Zone (M7.0 SFZ) and (2) magnitude 9.0 earthquake occurring on the Cascadia Subduction Zone 

(M9.0 CSZ). Scenario descriptions, ground shaking, permanent ground deformation, and tsunami/seiche 

inundation data are based on data previously developed by the United States Geological Survey (USGS) and 

Washington Department of Natural Resources (DNR) and technical work completed for King County Wastewater 

¢ǊŜŀǘƳŜƴǘ 5ƛǾƛǎƛƻƴΩǎ όKC²¢5Ωǎύ wŜǎƛƭƛŜƴŎȅ ŀƴŘ wŜŎƻǾŜǊȅ {ǘǳŘȅ όHDR 2018a and 2018bύ ŀƴŘ {t¦Ωǎ ²ŀǘŜǊ {ȅǎǘŜƳ 

Seismic Study (SPU 2018b). 
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2. Background 
{t¦Ωǎ 5²² [ƛƴŜ ƻf Business provides drainage and wastewater services to a population of approximately 

747,300 and covers an area of roughly 84 square miles.  

{t¦Ωǎ ŎƻƭƭŜŎǘƛƻƴ ǎȅǎǘŜƳs now include sanitary sewers, fully combined wastewater and stormwater sewers, and 

partially separated wastewater systemsΦ !ǇǇǊƻȄƛƳŀǘŜƭȅ нт ǇŜǊŎŜƴǘ ƻŦ ǘƘŜ /ƛǘȅΩǎ ǿŀǎǘŜǿŀǘŜǊ ŎƻƭƭŜŎǘƛƻƴ ǎȅǎǘŜƳ ƛǎ 

sanitary (mostly in the northern parts of the city), 33 percent is fully combined (mostly in the central core), and 

40 percent is partially separated (throughout the southern parts of the city but also in several northern basins). 

2.1 System Overview 

SPU operates a complex wastewater collection system network consisting of 1,423 miles of separated and 

combined sewer mainlines and maintenance holes, 67 pump stations, and 82 permitted CSO outfalls in Puget 

Sound, Lake Washington, and the Duwamish Waterway (Aqualyze 2019). Map A-1 (in Appendix A) provides an 

ƻǾŜǊǾƛŜǿ ƻŦ {t¦Ωǎ ǿŀǎǘŜǿŀǘŜǊ ǎȅǎǘŜƳΣ ƛƴŎƭǳŘƛƴƎ YƛƴƎ /ƻǳƴǘȅ ƛƴǘŜǊŎŜǇǘƻǊǎΦ 

{Ǉƭƛǘ ƻǿƴŜǊǎƘƛǇ ƻŦ ǘƘŜ ǿŀǎǘŜǿŀǘŜǊ ǎȅǎǘŜƳ ŎƻƴǘǊƛōǳǘŜǎ ǘƻ ƛǘǎ ŎƻƳǇƭŜȄ ƴŀǘǳǊŜΦ {ŜǊǾƛŎŜ ŀǊŜŀǎ ŦƻǊ {t¦Ωǎ ŎƻƭƭŜŎǘƛƻƴ 

system typically do not exceed 1,000 acres, discharging into trunk lines owned and operated by YƛƴƎ /ƻǳƴǘȅΩǎ 

Wastewater Treatment Division (KCWTD)Φ {t¦Ωǎ ǿŀǎǘŜǿŀǘŜǊ mainline diameters range from 4 inches to 12 feet; 

however, 8-inch and smaller diameter mainlines comprise over 60 percent of the network and mainlines greater 

than 12 inches comprise less than 18 percent ƻŦ {t¦Ωǎ ǘƻǘŀƭ ƎǊŀǾƛǘȅ mainline inventory. 

¢ƘŜ ŀǾŜǊŀƎŜ ŀƎŜ ƻŦ {t¦Ωǎ ǿŀǎǘŜǿŀǘŜǊ mainlines is more than 80 years, and the median year for wastewater 

mainline installations is between 1930 and 1940. According to {t¦Ωǎ Strategic Asset Management Plan (SPU 

2015a), the first wastewater mainline network in Seattle was constructed in 1883 and these mainlines were 

ƳŀŘŜ ǿƛǘƘ ŀ ƳƛȄǘǳǊŜ ƻŦ Ŏƭŀȅ ŀƴŘ ƛǊƻƴ ǎƭŀƎ ƪƴƻǿƴ ŀǎ άƛǊƻƴ ǎǘƻƴŜΦέ ±ƛǘǊƛŦƛŜŘ Ŏƭŀȅ ǇƛǇŜǎ ǿŜǊŜ ŦƛǊǎǘ ƛƴǎǘŀƭƭŜŘ ƛƴ муурΣ 

and by the turn of the century more than 30 miles of wastewater mainline had been constructed. Vitrified clay 

pipe continued to be the dominant material installed until the end of World War II. In the mid-1940s, concrete 

pipe became the primary material for constructing wastewater mainlines, and it continues to be the most 

common material used today. Roughly 34 percent of the mainlines are made of vitrified clay and 57 percent of 

the mainlines are made of concrete or reinforced concrete pipe. The remaining 7 percent are made of other 

materials, including asbestos cement, ductile iron, cast iron, brick, high-density polyethylene, and polyvinyl 

chloride. 

SPU currently owns, operates, and maintains 67 wastewater pump stations that receive wastewater from 

enclosed gravity sewer basins and then convey the wastewater by force main to a point where it can be 

discharged ƛƴǘƻ Y/²¢5Ωǎ ǊŜƎƛƻƴŀƭ ƴŜǘǿƻǊƪ ƻŦ ǘǊǳƴƪ ƭƛƴe interceptors. While the first pump station was 

ŎƻƴǎǘǊǳŎǘŜŘ ƛƴ мфнфΣ Ƴƻǎǘ ƻŦ {t¦Ωǎ ǿŀǎǘŜǿŀǘŜǊ ǇǳƳǇ ǎǘŀǘƛƻƴǎ ǿŜǊŜ ŎƻƴǎǘǊǳŎǘŜŘ ōŜǘǿŜŜƴ мфрл ŀƴŘ ǘƘŜ ƳƛŘ-

мфтлǎΦ ! ƳŀƧƻǊƛǘȅ ƻŦ {ŜŀǘǘƭŜΩǎ ǿŀǎǘŜǿŀǘŜǊ ƛǎ ŎƻƴǾŜȅŜŘ ǘƻ ǘƘŜ ²Ŝǎǘ tƻƛƴǘ ²ŀǎǘŜǿŀǘŜǊ ¢ǊŜŀǘƳŜƴǘ tƭŀƴǘ ƻǿƴŜŘ 

and operated by KCWTD. 

SPU currently owns, operates, and maintains 42 CSO facilities to detain and regulate combined sewer flows that 

exceed the conveyance capacity of the collection system during wet weather. CSO facilities consist of storage 

detention pipes or tanks, flow control structures, and associated electrical and mechanical equipment. CSO 

facilities vary in storage volume from 3,000 gallons to 2.6 million gallons (SPU 2018a). Older CSO facilities tend 
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to be passively controlled without operable features, while newer CSO facilities are more often actively 

controlled to regulate flow. 

Drainage Mainlines. SPU also operates a complex drainage collection system consisting of drainage mainlines, 

inlets, maintenance holes, catch basins, surface and subsurface stormwater control facilities (e.g., ponds, vaults, 

filters, and swales), stream culverts, green stormwater infrastructure (GSI), ditches, and non-stream culverts. 

While this study focuses on the wastewater system, drainage mainlines have also been included in the analysis 

because the approach to mainlines can be applied to both drainage and wastewater mainlines. Map A-2 

ό!ǇǇŜƴŘƛȄ !ύ ǇǊƻǾƛŘŜǎ ŀƴ ƻǾŜǊǾƛŜǿ ƻŦ {t¦Ωǎ ŘǊŀƛƴŀƎŜ mainlines.  

2.2 Wastewater System Backbone 

Critical components of the wastewater collection, conveyance, and treatment system usually include:  

¶ treatment plant structures that are required to provide some minimal level of treatment 

¶ trunk lines, large diameter conveyance mainlines, and associated pump stations 

¶ small diameter collection mainlines and associated pump stations needed to connect to critical community 

facilities (hospitals, emergency shelters, etc.) 

¶ certain support facilities (laboratories, maintenance shops, etc.) 

Together, these critical components make up the wastewater system backbone. Following a major earthquake, 

the backbone system is intended to experience minimal damage so that the wastewater system will be capable 

of providing service to critical community facilities in support of short- and intermediate-term community 

recovery goals.  

{ƛƴŎŜ Y/²¢5 ǇǊƻǾƛŘŜǎ ǘǊŜŀǘƳŜƴǘ ŀƴŘ ǘǊǳƴƪ ƭƛƴŜ ƛƴǘŜǊŎŜǇǘƻǊǎΣ {t¦Ωǎ ǿŀǎǘŜǿŀǘŜǊ ōŀŎƪōƻƴŜ ǎȅǎǘŜƳ Ŏƻƴǎƛǎǘǎ 

primarily of infrastructure components necessary to collect and convey wastewater from critical community 

facilities to the interceptors owned by KCWTD. SPU has identified a list of approximately 740 critical community 

facilities, including: hospitals, police and fire stations, shelters, schools, libraries, childcare centers, et cetera. 

This list of critical community facilities was used to define facilities that should be supported by the wastewater 

system backbone. SPU then identified a wastewater system backbone based on the following criteria: 

¶ Mainlines that service a critical community facility 

¶ All mainlines downstream of mainlines that serve a critical community facility up to a KCWTD interceptor or 

other agency sewer main 

¶ 16 wastewater pump stations (WWPS) that are required to satisfy short- and intermediate-term community 

needs following a major earthquake.  

¶ 18 CSO facilities, CSO mainline detention systems, consisting of circular or rectangular mainlines, the 

majority of which comprise CSO facility storage assets. 

Appendix B discusses the mapping of wastewater system backbone mainlines, and Map B-1 (in Appendix B) 

shows the wastewater system backbone, critical facilities, and components. Table 2-1 provides a summary of 

SPU wastewater system assets included in the backbone. A backbone for the drainage system was not 

developed as part of this project.  
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Table 2-1. Summary of Wastewater System Backbone Infrastructure 

Component Backbone Description 

Mainlines 

Å 0.1 miles of combined force mains 

Å 113 miles of combined mainlines 

Å 2 miles of sanitary force mains 

Å 177 miles of sanitary mainlines 

Å 0.8 miles of CSO detention mainlines 

Facilities 
Å 16 pump stations 

Å 18 CSO facilities 
 

2.3 Review of Previous Studies 

The Seismic Risk Assessment Team (Team), consisting of the SPU contributors and a team of consultants led by 

Brown and Caldwell (identified at the beginning of this Technical Memorandum), reviewed previous reports and 

planning documents to obtain background information for the seismic risk assessment. SPU has taken a 

proactive approach to managing their wastewater system assets, developing asset management plans, capital 

improvement plans, and condition assessments. The Team identified the following as key documents used to 

inform the seismic risk assessment: 

¶ Seattle Public Utilities Sewer Pump Station Prioritized Capital Improvement Plan Report (Davido Consulting 

Group, Inc. 2015) 

¶ Seattle Public Utilities Strategic Asset Management Plan Update Wastewater Collection Pipes (SPU 2015a) 

¶ Seattle Public Utilities Wastewater Collection Pipe Criticality Criteria and Rating Scale (SPU 2015b) 

¶ Seattle Public Utilities Critical Pipes & SSO Map (SPU 2016a) 

¶ Seattle Public Utilities Pipe CriticalityςScoring, Process, & Current State of Data (SPU 2016b) 

¶ Seattle Public Utilities Strategic Asset Management Plan (SAMP) Update Wastewater Pump Stations and 

Force Mains (SPU 2016c) 

¶ Seattle Public Utilities Asset Management Plan (AMP) Combined Sewer Overflow Facilities (SPU 2018a) 

¶ Wastewater System Analysis (Aqualyze 2019) 

The Team also reviewed previous seismic risk studies and available seismic and tsunami hazard data as the basis 

for this preliminary seismic risk assessment. Key documents include the following: 

¶ Seattle Public Utilities Water System Seismic Study Summary Report, including geospatial data for seismic 

hazards (SPU 2018b) 

¶ wŜŎƻƳƳŜƴŘŀǘƛƻƴǎ ǘƻ 9ƴƘŀƴŎŜ ǘƘŜ wŜǎƛƭƛŜƴŎȅ ŀƴŘ wŜŎƻǾŜǊȅ ƻŦ YƛƴƎ /ƻǳƴǘȅΩǎ wŜƎƛƻƴŀƭ ²ŀǎǘŜǿŀǘŜǊ 

Treatment FacilitiesςTask 500 Preparedness and Recovery Recommendations (HDR 2018a) 

¶ wŜŎƻƳƳŜƴŘŀǘƛƻƴǎ ǘƻ 9ƴƘŀƴŎŜ ǘƘŜ wŜǎƛƭƛŜƴŎȅ ŀƴŘ wŜŎƻǾŜǊȅ ƻŦ YƛƴƎ /ƻǳƴǘȅΩǎ wŜƎƛƻƴŀƭ ²ŀǎǘŜǿŀǘŜǊ 

Treatment FacilitiesςTask 600 Resiliency Recommendations (HDR 2018b) 

¶ Tsunami Hazard Map of the Elliott Bay Area, Seattle, Washington: Modeled Tsunami Inundation from a 

Seattle Fault Earthquake (Walsh et al. 2003) 
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The following paragraphs describe the relevance of the previous studies and the associated available data. 

Geotechnical and Tsunami Hazard Mapping. For the Water System Seismic Study (WSSS) (SPU 2018b), SPU 

evaluated the risks and vulnerabilities of their potable water system when subjected to two different 

earthquake scenarios: M7.0 SFZ and M9.0 CSZ (SPU 2018b). The seismic risk assessment for the wastewater 

system (described herein) is based on the same earthquake scenarios and corresponding geotechnical hazard 

data sets as the WSSS. These data include: 

¶ Peak ground acceleration (PGA) 

¶ Peak ground velocity (PGV) 

¶ Spectral response acceleration parameter at short periods (~0.2 second period) 

¶ Spectral response acceleration parameter at a period of 1 second 

¶ Liquefaction susceptibility and probability 

¶ Liquefaction-induced permanent ground deformation (PGD) 

¶ Landslide susceptibility 

¶ Landslide-induced PGD 

¶ Fault rupture PGD (M7.0 SFZ only) 

The WSSS also considered the potential impact from a tsunami generated by a M7.3 SFZ scenario earthquake. 

The extent of tsunami inundation in the area around the Elliott Bay coast of Puget Sound, associated with this 

scenario event, was based on a previous State of Washington Department of Natural Resources (DNR) study 

(Walsh et al. 2003). Note that a M7.3 SFZ scenario earthquake was used for the tsunami risk assessment instead 

of a M7.0 event, based on the available tsunami hazard data. Since the SPU Water System Seismic Study was 

completed, previous tsunami modeling studies have been updated and additional studies have been conducted 

by DNR that consider a larger portion of the South King County Puget Sound coastline than was considered in 

the 2003 study (WGS 2019 and DNR In Preparation). These more recent studies were used as the basis for the 

tsunami inundation hazard considered in this seismic risk assessment. A detailed inventory of the geotechnical 

seismic hazard and tsunami hazard GIS data files provided by SPU and/or obtained from DNR is provided in 

Appendix C. 

Seismic Vulnerability of the Regional Wastewater System. In 2018, KCWTD completed a seismic resilience and 

recovery study for their wastewater system (HDR 2018a and 2018b). The KCWTD study evaluated the expected 

performance of their wastewater conveyance and treatment systems when subjected to two scenario 

earthquakes: M7.2 SFZ and M9.0 CSZ. The former scenario is similar to the M7.0 SFZ scenario used in the Water 

System Seismic Study (SPU 2018b) and the latter is equivalent. The KCWTD study also included development of 

mitigation strategies to address the identified seismic and tsunami vulnerabilities. As described above, the SPU 

ŎƻƭƭŜŎǘƛƻƴ ǎȅǎǘŜƳ ŘŜƭƛǾŜǊǎ ǿŀǎǘŜǿŀǘŜǊ ǘƻ ǘƘŜ Y/²¢5Ωǎ Ŏƻƴveyance and treatment systems. Since the SPU and 

Y/²¢5Ωǎ ǎȅǎǘŜƳǎ Ƴǳǎǘ ǳƭǘƛƳŀǘŜƭȅ ŦǳƴŎǘƛƻƴ ŀǎ ƻƴŜ ƛƴǘŜƎǊŀǘŜŘ ǎȅǎǘŜƳΣ ǘƘŜ ǎŜƛǎƳƛŎ Ǌƛǎƪ ŀǎǎŜǎǎƳŜƴǘ ŀǇǇǊƻŀŎƘ ŀƴŘ 

methodology used for this SPU wastewater seismic risk assessment has been generally consistent with that used 

for the KCWTD study.  
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Preliminary Risk Scoring. In 2019, SPU completed the Wastewater System Analysis (Aqualyze 2019), which 

evaluated the conveyance capacity of the wastewater collection system and identified potential risk areas. As 

part of this study, SPU developed prioritization criteria and a risk-based scoring system. The scoring system used 

the following equation: 

ὙὭίὯ ὛὧέὶὩὅέὲίὩήόὩὲὧὩ ὛὧέὶὩ ὒὭὯὩὰὭὬέέὨ ὛὧέὶὩὉήόὭὸώ ὛὧέὶὩ  Eq. 2-1 

The Consequence Score, Likelihood Score, and Equity Scores each had values ranging from 1 to 5, which results in 

Risk Scores ranging from 2 to 30. This preliminary seismic risk assessment has used a similar approach to 

calculating seismic risk scores. As described in Section 6, the risk scores developed as part of this project are 

considered preliminary and άŎƻƴŎŜǇǘǳŀƭέ ōŜŎŀǳǎŜ ǘƘŜȅ ŀǊŜ ōŀǎŜŘ ƻƴ ŀ ŘŜǎƪǘƻǇ ǎŎǊŜŜƴƛƴƎ ŀƴŀƭȅǎƛǎ ǿƛǘƘƻǳǘ ǘƘŜ 

benefit of a detailed structural analysis, on-site assessments or verifications.  
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3. Preliminary Geotechnical Hazard Review 
As specified in the objectives for this assessment, geotechnical hazard data were reviewed for the following two 

earthquake scenarios: a magnitude 7.0 event on the Seattle Fault Zone (SFZ) and a magnitude 9.0 interface 

event on the Cascadia Subduction Zone (CSZ). Each of these earthquake scenarios are briefly described below. 

M7.0 Seattle Fault Zone. The SFZ is an east-west trending, south dipping, largely concealed thrust fault that 

crosses the central Puget Sound near the latitude of Seattle (Brocher et al. 2001 and 2004). It produces a broad 

zone of active deformation, about 4 to 7 km wide, that separates bedrock to the south from thick sequences of 

sediments that fill the Seattle Basin to the north (Blakely et al. 2002). At the ground surface, the central SFZ 

deformation zone is defined by fault scarps and warped shorelines near Seattle (e.g., Nelson et al. 2003; 

Haugerud 2003; Kelsey et al. 2008). Paleoseismic studies suggest that these shorelines had been uplifted as 

much as 8 meters (m) during a single large, regional earthquake (i.e., ~ M7) above the south-dipping SFZ thrust 

about 1,000 years ago (AD 900 to 930) (Bucknam et al. 1992; Atwater 1999; Kelsey et al. 2008). Based on 

paleoseismic studies, the recurrence interval for a large rupture is about 5,000 to 6,000 years. The magnitude of 

the selected M7.0 scenario event is representative of one of these large SFZ events. Trench excavations and 

shoreline studies across the north-dipping surface fault scarps also indicate that: (a) they ruptured several times 

during the late Holocene Epoch producing moderate-sized earthquakes (i.e., ~M6 to 6.5) and also possibly 

during the A.D. 900 to 930 event (Nelson et al. 2003; Kelsey et al. 2008; Nelson et al. 2014) and (b) their rupture 

areas were small compared to the master fault rupture area during the AD 900 to 930 earthquake (Kelsey et al. 

2008). The recurrence interval for these smaller, moderate-sized SFZ earthquakes is on the order of about 

1,000 years and, unless centered on a portion of the fault beneath the city, would result in lower ground shaking 

and impact to the wastewater system than the selected M7.0 scenario event. 

M9.0 Cascadia Subduction Zone. The CSZ is created by subduction of the Juan de Fuca Tectonic Plate beneath 

the North American Plate off the coast of western North America from southern Canada to northern California. 

Paleoseismic studies provide conclusive evidence that the CSZ generates great earthquakes (i.e., approximately 

M8 to M9) that actively deform this 1,000 km of coastline (e.g., Atwater and Hemphill-Haley 1997; Clague 1997; 

Goldfinger et al. 2003 and 2012). Geological evidence from the coastal Pacific Northwest and written records 

from Japan strongly suggest that the last great event that ruptured along the entire length of the subduction 

zone (M9) occurred about 320 years ago on January 26, 1700 (Satake et al. 1996; Atwater and Hemphill-Haley 

1997; Clague 1997; Yamaguchi et al. 1997). Based on paleoseismic studies, the recurrence interval for a great 

M9 rupture is about 500 years. The magnitude of the selected M9.0 scenario event corresponds to a great 

earthquake that ruptures the entire length of the CSZ. Extensive coastal and offshore studies have refined the 

rupture model and some include rupture of the CSZ along segments that have shorter recurrence intervals (as 

short as ~200 years) and correspondingly smaller (i.e., ~M8+) earthquake magnitudes (Goldfinger et al. 2012).   
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As previously indicated, geotechnical hazards considered in the seismic risk assessment include: 

¶ Ground Motions for each scenario event: 

- Peak ground acceleration (PGA) 

- Short Period (~0.2 second) Spectral Acceleration 

- 1.0-Second Spectral Acceleration 

- Peak ground velocity (PGV) 

¶ Liquefaction-induced permanent ground deformation (PGD) and probability 

¶ Landslide-induced PGD and probability 

¶ Fault rupture-induced PGD (M7.0 SFZ only) 

The data sets for each of these hazards are the same as those developed by SPU and used in the WSSS. 

Descriptions of these geospatial data sets are provided in Appendix C. Citywide maps of hazard data are 

provided in Appendix D. ¢ƘŜǎŜ Řŀǘŀ ǎŜǘǎ ǿŜǊŜ ƭŀǊƎŜƭȅ ōŀǎŜŘ ƻƴ άōŜǎǘ ŀǾŀƛƭŀōƭŜ ǎŎƛŜƴŎŜέ ǇǳōƭƛŎƭȅ ŀǾŀƛƭŀōƭŜ ŀǘ ǘƘŜ 

time they were developed for the SPU WSSS (i.e., circa 2017 to 2018) and were peer reviewed. As such, these 

data sets provide a technically sound and convenient basis for the current wastewater seismic hazard 

assessment.  

Since development of the WSSS geotechnical hazard sets, there have been updates to the database and 

procedures to develop the geotechnical hazard sets. These updates may be considered qualitatively in the 

current hazard assessment and should be considered quantitatively in potential/future site-specific hazard 

assessments and/or mitigation design. The updates relative to this review of the WSSS geotechnical data sets 

are summarized as follows: 

Ground Motion Data Sets: 

¶ Number of Ground Motion Prediction Equations (GMPEs) used for the M7.0 Scenario event. The ground 

motion data sets are the average of five NGA-West2 GMPEs. Currently the U.S. Geological Survey (USGS) 

only uses four of the five NGA-West2 GMPEs in the latest seismic hazard maps from the National Seismic 

Hazard Mapping Project (NSHMP); they do not use the Idriss GMPE because of its lack of site factor 

adjustments for relatively soft-soil sites (Peterson et al. 2020). The impact of excluding this GMPE on the 

M7.0 scenario ground motions may be relatively small (it was reported to impact the NSHMP ground 

motion estimates by three percent [Peterson et al. 2020]), depending on how this issue was handled in the 

WSSS data set. 

¶ Seattle Basin Amplification. As shown in Figure 3-1, much of Seattle lies within a sedimentary basin whose 

southern edge is formed by bedrock uplift on the SFZ. Constructive interference of seismic waves within a 

sedimentary basin, such as the Seattle Basin, amplifies ground motion relative to sites outside the basin. 

Amplification is especially pronounced for long-period motions (i.e., about 1 second and longer). Basin 

amplification was not considered in developing the WSSS datasets for estimated 1.0-second spectral 

acceleration and PGV for neither the M7.0 nor the M9.0 scenarios. Therefore, these values in those datasets 

are not conservative, and may be low in areas of the basin north of about South Spokane Street. To address 

basin amplification in the 2018 USGS National Seismic Hazard Maps, the USGS has developed a set of basin 

amplification factor values specifically for the Seattle Basin to use with the NGA-West2 GMPEs (Peterson et 

al. 2020). This set of values result in a basin amplification factor of approximately 1.5 for shallow crustal 

earthquake sources, such as the SFZ. Peterson et al. (2020) indicates that for great CSZ interface events, 
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basin amplification factors on the order of 2 to 3 may be expected but use a factor of 1.5 in the 2018 

National Seismic Hazard Maps. Consequently, the following amplification factors are applied to locations 

within the Seattle Basin: 

- M7.0 SFZ Scenario 1-Second Spectral Acceleration and PGV basin amplification factor = 1.5 

- M9.0 CSZ Scenario 1-Second Spectral Acceleration and PGV basin amplification factor = 2 

 

Figure 3-1. Geologic definition of the Seattle Basin  

Source: Worth et al., 2018 
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Liquefaction susceptibility and derived data sets: 

¶ The liquefaction susceptibility map and the derived PGD and probability of PGD data sets are based on 

liquefaction susceptibility mapping from the Washington State Department of Natural Resources, which are 

based on geologic mapping in Seattle done primarily before the year 2000. In 2005, Booth et al. published a 

new geologic map for the City of Seattle. The significant increase in geotechnical data available was the 

main driver for an update of the liquefaction susceptibility and potential mapping, sponsored by the Seattle 

Department of Construction and Inspection (in conjunction with the University of Washington). The results 

of the updated mapping were not yet available at the time this geotechnical hazard review was conducted. 

While the revised mapping will likely not result in large changes in areas identified as being susceptible to 

liquefaction, there will be some modest revisions to the locations and the relative susceptibility of some of 

the geologic units. This updated mapping should be considered in potential/future site-specific hazard 

assessments and/or mitigation design. 

¶ The WSSS liquefaction susceptibility data set does not include the completion of major infrastructure 

projects designed to limit the impacts of liquefaction. Specifically, the SR 99/Alaskan Way improvements in 

South of Downtown (SODO) and the downtown Seattle Elliott Bay Seawall Project were designed specifically 

to reduce the impacts of liquefaction. Liquefaction-induced PGD for SPU facilities near and landward of 

these projects are likely conservatively over-estimated. As a first-order approximation to include the effects 

of these infrastructure projects, the estimated PGD was reduced by approximately 90 percent in the 

following areas (Perkins and Malinak 2019; Shannon & Wilson 2013) (see Figure 3-2): 

- Waterfront between pier 62 (north) and South Washington Street (south) 

- East side of SR99 between South Main Street (north) and South Massachusetts Street (south) 

¶ The WSSS liquefaction-induced PGD was based on an assumption of a free-face depth of no more than 

10 feet below the water level. This assumption is unconservative for some locations and results in an 

underprediction of PGD along the Duwamish Waterway and Elliott Bay. As a first-order approximation, the 

following free face depth below the water level were used (see Figure 3-2): 

- 30-feet: Duwamish waterway between 1st Avenue South Bridge (south) and South Spokane Street 

bridges (north) 

- 50-feet: East and West Duwamish waterways north of the South Spokane Street bridges, and Elliott Bay 

east of the intersection of Fairmount Avenue Southwest and Harbor Avenue Southwest, to Pier 91 
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Figure 3-2. Locations for PGD modifications 
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4. Preliminary Tsunami and Seiche Hazard Review 
Several SPU wastewater system pump stations and backbone mainlines are located in areas that may be 

susceptible to inundation from an earthquake-induced tsunami or seiche. This section provides an overview of 

the tsunami and seiche hazards potentially impacting SPU wastewater system backbone assets and describes 

the approach used to conduct a preliminary tsunami and seiche vulnerability assessment.  

4.1 Tsunami Hazard 

A tsunami is a type of water wave that can be generated by earthquake-induced ground movement or a 

landslide that rapidly displaces a large volume of water. In tƘŜ ƻǇŜƴ ƻŎŜŀƴΣ ŀ ǘǎǳƴŀƳƛΩǎ ǿŀǾŜ ƘŜƛƎƘǘ is generally 

relatively small, but as the tsunami wave reaches land, the wave characteristics change. The wave runup may 

inundate low-lying areas near the shoreline and further inland, depending on topography. Tsunami runup flow 

velocity can approach 20 miles per hour (ASCE 2017). 

! /ŀǎŎŀŘƛŀ {ǳōŘǳŎǘƛƻƴ ½ƻƴŜ ό/{½ύ ŜŀǊǘƘǉǳŀƪŜ ǿƛƭƭ ƎŜƴŜǊŀǘŜ ŀ ǘǎǳƴŀƳƛ ǘƘŀǘ ǿƛƭƭ ƛƳǇŀŎǘ ²ŀǎƘƛƴƎǘƻƴΩǎ tŀŎƛŦƛŎ 

coastline, but tsunami modeling results indicate that the impact of the tsunami generated by a M9.0 CSZ 

earthquake will be minor for the Puget Sound shoreline in Seattle (City of Seattle 2019). Models simulating the 

tsunami generated by a M9.0 CSZ earthquake predict that Kellogg Island (a low-lying wildlife preserve in the 

Duwamish River) will experience the most significant impact on the City of Seattle Puget Sound shoreline, which 

would be subjected to approximately 15 inches of inundation depth (City of Seattle 2019). Note that there are 

no SPU wastewater backbone system assets located on Kellogg Island. Future sea level rise could potentially 

result in additional areas of the City of Seattle Puget Sound shoreline being impacted by the tsunami generated 

by a M9.0 CSZ earthquake, but this has not been considered as part of this seismic risk assessment. 

However, the tsunami that is likely to be generated by a Seattle Fault Zone (SFZ) earthquake (master fault 

rupture scenario with a 5,000 to 6,000-year return period) will significantly impact the Puget Sound shoreline 

around Seattle, including SPU wastewater system assets. Cycles of significant tsunami wave inundation are likely 

to continue for several hours after the earthquake. Historical evidence suggests that a 16-foot tsunami was 

generated by a M7.3 SFZ earthquake that occurred around 900 A.D. (Walsh et al. 2003, City of Seattle 2019). 

A tsunami could also be generated by an earthquake-induced or non-earthquake-induced landslide (e.g., 1965 

Tacoma Narrows, ancient Lake Washington landslides, etc.). The inundation extents for this type of tsunami are 

expected to be more localized and the hazard associated with potential landslide-induced tsunamis has not 

been considered as part of this seismic risk assessment.  

Based on post-tsunami observations from the 2010 Tohoku tsunami in Japan, it is assumed that above-grade 

building-like facilities in the tsunami inundation zone will likely lose their functionality for months to years, or 

even be a total loss. Figure 4-1(a) shows an example of a building that collapsed due to tsunami wave-generated 

forces, and Figure 4-1(b) shows an example of a building that overturned due to tsunami wave and buoyancy-

generated forces. 

Another major tsunami hazard is associated with the debris that is transported by tsunami waters. Figure 4-2 

shows examples of timber log, vehicular, and boat/ship debris that can be carried by tsunami waters and result 

in impact damage to buildings and can create a significant logistical challenge for the transportation system and 

for debris removal after the event. Additionally, when tsunami waters recede, they can cause scour that 

damages building and bridge foundations, buried pipelines, and roadways (see Figure 4-3). 
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As described in Section 2.3, the tsunami inundation extents used for this preliminary tsunami vulnerability 

assessment were determined by a recent DNR tsunami study conducted for the South King County Puget Sound 

coastline based on a repeat of the M7.3 SFZ earthquake that occurred around 900 A.D. (WGS 2019 and DNR In 

Preparation). Map D-11 (in Appendix D) shows mapping of the tsunami inundation zone. The northern boundary 

of the DNR tsunami study area was located just to the north of the Lake Washington Ship Canal. There are a few 

SPU wastewater pump stations located to the north of this northern boundary of the DNR tsunami study area. 

The tsunami risk for these pump stations was based on engineering judgement.  
 

  
(a) Collapsed building (b) Overturned building 

Figure 4-1. Examples of building damage due to tsunami inundation 

Source: Degenkolb Engineers 

  

(a) Timber log (source: Degenkolb Engineers) (b) Vehicles (source: Degenkolb Engineers) 

 
(c) Boats/ships (source: Degenkolb Engineers) 

Figure 4-2. Examples of tsunami debris 
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(a) Foundation and pipelines exposed adjacent to buildings (b) Pipelines exposed adjacent to road 

Figure 4-3. Examples of pipelines exposed by tsunami-induced scour 

Source: Degenkolb Engineers 

4.2 Seiche Hazard 

A seiche is a standing wave that occurs on inland water bodies and can be generated by strong winds or 

earthquakes. This standing wave is characterized by predominantly vertical movement of water near the 

shoreline and little to no vertical movement near the middle of the water body, similar to sloshing-type motion 

in a bathtub or swimming pool. An earthquake-induced seiche is excited by the long-period content of the 

ground motion, so can result from both nearby and distant earthquakes (up to several thousand kilometers 

away). 

Historical evidence points to multiple past seiche events in Lake Union and Lake Washington, but they have not 

caused extensive damage. The 2002 Denali, Alaska earthquake triggered a seiche in Lake Union that caused 

minor damage to at least 20 houseboats (Barberopoulou et al. 2004). An 8-foot seiche was reported on Lake 

Washington in 1891, resulting from an earthquake near Port Angeles (City of Seattle 2019). Despite the historical 

occurrence of seiche events in the Seattle area, there has been very limited scientific study to characterize the 

expected seiche associated with a M9.0 CSZ or M7.0 SFZ earthquake. One study of the seiche hazard in Lake 

Union indicates that a wave height of at least 3.28 ft may result from a M8.0 CSZ earthquake and suggests that a 

M6.7 SFZ earthquake may cause a seiche with a wave height that does not exceed 8 inches (Barberopoulou 

2006). Geotechnical basin amplification effects and the shape of the lake have been reported to contribute to 

the seiche hazard in Lake Union (Barberopoulou 2006). The seiche literature does not discuss historical evidence 

of seiche events in smaller bodies of water within the City of Seattle (e.g., Green Lake, Bitter Lake, etc.). 

Due to a lack of comprehensive seiche data, the approximate extent of the seiche inundation zone for Lake 

Washington, Lake Union, and the Lake Washington Ship Canal has been assumed to correlate with the area 

inundated by a water level 8 feet above a high operating level of 18.5 feet (North American Vertical Datum of 

1988, NAVD88). This assumed increase in water level was selected based on the historic report of an 8-foot 

seiche on Lake Washington in 1891. The same seiche inundation extents have been assumed for both the M9.0 




























































































































































































































































